The possibility of antibody-mediated effect of elevated water temperature treatment of Glugea-infected ayu was investigated by challenge test and ELISA.
. Microsporidium takedai stopped development when infected fish were kept at 8.2-8.4•Ž (Awakura, 1974) , and Glugea stephani required a temperature of above 15•Ž for its develop ment (Olson, 1981 (Olson, 1981; Antonio and Hedrick, 1995) .
Infection with Glugea plecoglossi is thought to be endemic in ayu from Lake Biwa (Takahashi, 1980 ELISA ELISA was conducted and antibody units were calcu lated from the means of the optical density as described previously (Kim et al., 1996) .
Statistics
Data from Experiments 1-3 were analysed by the chi-square test and Student's t test. Tests were considered significant at probability values of P < 0.05.
Results

Experiment 1
The prevalence of infection in elevated temperature treated groups was significantly lower than that in the control group (P < 0.05 , chi-square test). The prevalence in the latter group increased when compared with that observed before the commencement of the experiment. The difference in prevalence of infection between T2 and T3 was not significant (Table 1) . However, the intensity of infection did appear different between groups T2 and T3 ; all fish having 0-1 cyst in T3, while some fish had more than 2 cysts in T2 (Fig. 1 ).
The antibody level was increased significantly in the treated groups, and the difference between T2 and T3 was also significant (P < 0.05 , Student's t test) (Fig. 2) .
Experiment 2
In the elevated temperature treated groups (t1 and t2), the prevalence of infection was significantly lower than that recorded for the control group (P < 0.01, chi-square test), but the difference between t 1 and t2 was not significant (Table 2) . Infection was found only for 3 individuals in both groups of t and t2 and each of these infected fish had only 1 or 2 cysts. Antibody levels for t 1 and t2 were 7.77 ± 1.82 and 8.82 ± 3.10, showing no significant increase in antibody levels compared to the , 1996) . Possibly some increase in the antibody level in the present study may be caused by the host reaction against mature spores as a consequence of the accelerated parasite growth at high temperatures. In relation to this, different results of the antibody level between Experiment 1 and 2 are to be noted. In Experiment 1, the more frequently fish were treated with elevated water temperatures, the higher antibody titers they tended to have, while in Experiment 2, there was no significant increase in the antibody level of the treated fish. In the case of Experiment 1, using naturally infected fish, the time of invasion of the parasite was not clear, nor was the development of the parasites synchronous in individual fish. Moreover, naturally infected fish had possibly been exposed to spores before initiation of the experi ment. In Experiment 2, the developmental stage of G.
plecoglossi was almost the same among artificially in fected fish, but the time interval between spore adminis tration and elevated temperature treatment was different from that of Experiment 1. These differences probably produced the different antibody levels between the two groups. Unfortunately, it was not possible to conduct the chal lenge test after treatment of initially Glugea-free fish because of an accidental loss of experimental fish. Con sequently, Experiment 3 was carried out using naturally infected fish. Although no statistically significant in crease both in the antibody level and in the prevalence of infection was seen in response to the challenge, heavily infected fish with more than 10 cysts appeared again in the challenged fish. These results suggest that the effect of elevated temperature treatment is temporary and that the parasite-specific antibodies are not protective against reinfection. Miyakawa (1980) conducted elevated water temperature treatments, which is similar to those in this study, on Japanese eel Anguilla japonica infected with Pleistophora anguillarum (= Heterosporis anguillarum). The efficacy of the treatment was evidenced by the presence of morphologically abnormal spores in the infected muscle tissue following treatment. However, he also recovered live spores from the treated fish and suggested the possibility of a relapse of infection. Anti body-mediated protective immunity to teleost micro sporidians has yet to be reported.
Hence it is thought that ayu can be subjected to reinfection when they come into contact with G. plecoglossi again after the treatment. Although efficacy of the treatment depended largely on the developmental stage of the parasite present at the time of its usage (Takahashi and Ogawa, 1997) , the treatment of cultured ayu with visible Glugea-cysts was quite effective (Table 1) .
Thus, it is suggested that the elevated water temperature treatment against Glugea infection may be successfully utilised at ayu farms which encorporate repeated treat ments and continuous monitoring .
